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expanded into contact with the formation. 
BaeksTOUP '^ Invention 

[00021 Downhole screens are used in a variety of different jq^Ucations. As part of a 
common procedure called gravd paddng, the screens are deposited adjacent the 
prodadng fimnation and the sirroundmg ammlar space is fin^ 
graveL Various fibrication techniques have been developed for mannfectoring sudi 
screens and atypical eaian^leis ilhistratedinUS Patent 5,611399. 
[00031 More recently it has been determined that it is desirable to reduce the size of 
the annular space between flie screen and the formation. Reduction of the volume of 
the annular space around Ae screen discourages fluid flow along die screen, whidi, in 
torn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansiop techniques for a downhole sa«en is 
shown in U.S. Patent «,012,522. In Ms patent, overl^mg segments of screen are 
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capadty to withstand collapse. 

Vm4\ Oto payees xeWing U, pip. «p»nsioBS ^. U.S. P..-* 5^1.789 and 
5.366,01i 

t««051 11» m»n oy ective of to present Mventton is t. .now e«y tasttW™ of «^ 
3e«a to fl« d«i«d .location fcW by expansion to reduoe the ™tame of the 
„^sp.cean>m<i.hesc«en. Yet anoth«.««t of a»te«n.ta.i» to expand the 
«^ag»nstfl.e(<mnaaontoenttalydiminateto 

anod^er objective of dte p^sen. invendon U .0 How d». »se of d» a.mcd«e of die 
^downhol.e«..wid>out«*ansio.. ABOd«robjecdveof daep^invend- 
is to deaease die anomS of sws. on fflS»fi<m >n»d« vdKn o:*»rf^ Vet 
^ objective of .d>= present invention is to provide a sigoific«dly stronger 
3^ to d« flnid«d product. «ldd. even after expansion preset 
,esis.«» ^ c^. Anodier object of d.e tavendon is to p.ovide..as mud. «i 

possible. »nifcnnily in «» oP-*« ^ 

Anodier objective i. to provide s»£fici«t st.«gd> in die a.se«d.ly, >6« 
oq«»on «, dl*w H 10 brtter mdst differentialipressores. StiB anod« objective is to 
^d»effi>rt«,ni«dfer«q«nsi«n».dto«aged»«verdl«p«-io«into^ 
rteps. Tl»se and od»r advantages of d» present invention will be app^ciaW by 
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those skiUed in the art fiom a review of the description of Uie preferred aribodiment, 

wUch ^pears below. > 

STTMMARY THE INVEJmffli 

[0006] A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly conq«ises a pluraUty of layers beginning with a coated 
perforated base pipe. The coating reduces the force required for expansion. A 
drainage layer ovaiays the base pipe wifli the filtration layer above it Tlie drainage 
layer improves flow through the filtration layer and protects it fi»m burrs in flie base 
pipe. A filtration eiihaacement layer fits over the filtration layer and an outer shroud 

protects the assembly during run in. The assembly can be used as made or expanded 

downhole in one or a series of expansions. « 

BRIEF DESaOPTION OF THE DRAWINGS 

[0007] Fig.lis cutaway view, parflymsection^showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

[0009] Fig. 3 is a section view of a first step in a multi step e3q?ansioni of fee filter 
assembly. • 

[0010] Fig. 4 is a section view of a second step in a multi stq» expansion of flie filter 
assembly •: 

[0011] Fig. 5 is a comparison performance diart conq)aring a known filter made by 
Baker Hughes caUed Exduder and two variations of flie filter, of:lhe present 
invottion. 

n yTAn.ED niCSCRTPTTON TRF. PREFF,KRK1> EMBODIMENT: 
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^ i^st Uyer U a base pi,. 10. wU* ta. . W.of 

12. Base ppe 10 pra«a« . fim. f«md.«o» f* the Uy«s d,ove. Tl» pa««n 

tales U is optiodzed to stike b«t bd««e b«we» colUpse 

^ nUni^zaaoa of tl« f«« to 
positio«a<»*sidci.»«ini«des»b.db*«,.™s<,pU^ 
in fte range of >^ to alK-* 30%. Th« b»e pipe 10 teve toad, 14 ».d 1« 

<^.^toaUo«secdo»,.f«»fflteassanaJyAtobesecu»dtog^er.gi^ 

g^ta«ion«»l tension snengaifcr the ffltor.ss»*ly A. A coaflng 18 n»te 
p^yfc,n>apl.stton-»endc.nb.a»liedto«.einsideoftl»basepipelO.-me 

WMtfbrd Corp. man»fi«*ores*. eoaflngnnder to name Xylan lOSitntoatoly^ 
^„«^10(s.eFig.3)isn»vedfhr»aghbasepipel0.thec.atingl8win 

^ tte required «ipaDMon Tta greater coU^ r»d..^ 

,«p,<™«eslK«holesta1«y.fier«q»»sion.Tl.eop«^ 

Ugb.,. p<p««on rate for a given toa.eri.1 ib. base 

l«rfng soffldent inflow a«aftro»^ the pipe opemngs or pafonti<»i» «- 
™n„,,,„n«l.d. or o™lop»nngin».e«l of slots provides ibran«d«niedlys^^ 

ffl„ assen^ly A. In fl» p«*«ed »ri»an««t. to coaang 18 is «^ 

pnMde a rednolion io reqoired Jbrce a pven aq^nsion by as mud> as 50^ 

<^ IS dso resistance to galling by tte 10 or < 

aq>aiidar sadi as 22 (see Fig. 4). 

100131 Mounted above the base i«pe 10 is a drainage layer 24. Drainage lay« 24 is 
between base pipe 10. and filtration layer 26. Ibe drainage layer 24 promotes flow 
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4e filttaaoo 26 »d the » of *c bas. pip. W. lo fl« 

of ^ A bndded is «»-«y 

SSB»id60« 304B.Tl»a»h»«»l.y«Mp»tec.»fl»~l»y»«'^^ 

the base pipe 10. 

Mo«»«d <w«:lh. a»i.»ge layer 24 i, tie «. The fihn,«<« 

^ Ms mateial give. ve.y to the opam« ai». ««« 

to »>o»r can 1« «»fldenc« in a. particle dz^ 

rfUx, many p««cl». A, in Hg. 1. ^* » ■* " 

a„g,e«>fl»longi«»a.^»dsota»fflto.»«nblyA.Tte»gtec»'>«i»«» 
.f.b<»t lOto about 80deg«» Witt ab<»*20 deg»«bdngp«ftoed Orient 

fiBering layer M at 4n «.8le aBo« nd»imiz«ion <a«ng« i« 0^ 

^itoity. ««4,ing,fiom «^<»- Tie Dutch Twill w«vo p..^^^.. gr«ter 

a.^,y.ndp«tidel«,ldb«eap.clty.N.g«iV.dlfW.<«>»l«»i«"»*'^^ 

aaaxea„ltof«^on.reiteltenuninnzadVy»singare«~w^^ 

pa^er. A reverse we^e ia on. -l«e the diah^ter of the wrft (*ut.) wes 28 is 
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^ pl««n»t of.^ ffltrato. layer 26 by a spW -inding t«W<p. co,*l«l 
^ . r««« w.»ve yidds . more ,«dictd*e «.d »oifenn <Te^ 

expansion. 

100151 Mounted over.the filtration layer 26 is tiie filtration enhancement layer 32. 
Tlus layer promotes greater flow conductivity ftom fte ouUmost layer, tiie onter 
diroud34.Layer32actsasacoarsefilt^tolayer26andprolong3ttelifeoffilt«^^ 

layer 26. llus can be seen in the graph of Fig. 6. vto ihe addition of fli^ 
enhancement layer is porve 36. m same filte. assembly A of the present invention 
but without the filtration enhancem^it layer 32 is iUustrated by (^rve 38. Curve 40 
represents the performance of a known product made by Baker Hn^es called 
Exctader. Fig. 5 readily demonstrates tiaat flie addition of die filtration enhancement 
lay« 32 nearly triples the time it takes to build tq, a badcpressure of 40 PSIG fi«: tiie 
same flow conditionsi Leaving out tiie filtration enhancement laye. 32 also makes 
that version of the present hivention perform somewhat comparably to tiie known 
Exduder design. Several different weave types are suitable for Uyer 32 such as: 
square weave, Conqniund Balanced, Ti^t Tudc. and Bm^ A suitable 

Compound Balanced .material is available fiom Parous Metal Produdts, model # 
CB 3_96_192_21/24.:A metallic material is prdfiaied. 

[00161 Ihe outer dmxud 34 is preferably fomied fiom ^y ^^'inding.a perforated 
sheetinto atube. Ttehole size and pattern is optimi«d to fedUtate expansion and yet 
provide suffide«t coll^ resistance in tiie expanded state. It is desired to have tiie 
inflow area of the openings maximized but to limit the opening size and use a 
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ofth.fiKer»s»*lyA.Swagingdsom*=s«»v»i«»l.y»«t^«»«iU>t^ 
^ provide gr«Ur .eain^ eonapse «^ 

a^y ^ after an coo^oco., 1- 1«c .»e«H.d, Doi.* to 
. d.^ of e^«^<« ^ benefit i.,««cal«ly 

^Uc^letottebasepipe 10.T,>e weof -m^H^^visio^dis soh*»«m«Bng 
,0 l«X.d.g«..F. Axn^Hngof d»b«.pip. lOis donebe<«e a«-lyiBg «« ««tag 
18 due to ««. ioabmty of co-tog 18 to «Hh-«.a to -mealing tempos 
StoUrtnS - 1» n«a.tos.e.a of to idn ibe taye« toge^er. m 

..^^ledinfte M<«™g n»nne., to *«ided»ire of suiWble drainage 
1^ 24 ia piae»l on to base pipe 10 ^d. has P^viously been drmed «i4 boUs. 
eo^endtee^M. 1Ib«, to ffl«H«n layer Wis trapped Man angle over fte top 
of *. drainage layer 24. Anofl« layer. oHed Ibe fi«,a«on otoneement lay.. 32 is 
p,^„v.ra«topoftoffl«.loal.y.r2*. an onto shroud 34 is placed over 
a» enhancedK^t lay« 32 and to to«l P«*.8e is run through a set of di» 

a«tawagesorfercesdlcon,«nen«stovigoro»aycon.«*ea<*otor. I 

t00181Thefil«r.ss.n*lyAha.toadvan^:ofsup«iorperfc.n«-«^™h^ 
.^do™^K,,eo»«>tm.ianotexpa.^i.caabegravdpa*edin,hel«>wn 

Pig. 3 4 inuatr-e . uni^ s..p>" o'P-'- ^ ^ 
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st^. an expander 20 ^di my be a fixed «)ne or a cone with variable diam^^^ 
nxoved dov^wardly through the filter assembly A 1x> adrieve about a 1 5% «q>ansion. 
At the lower end of the filter ass«nbly A a cone latdi 42 engages a fixed or variable 
diameter expander or :cone 22 to increase the overall expansion to as mudi as 50»/o. 
As previously stated,, more expansion st^s can be used and diff^ent degrees of 
step.wise expansion and overall «q>ansioa can be obtained with this tecdmique. It 
should be noted lhat the second expansion does not necessarily have to ittooeed m a 
diredion opposite the first ej^ansion. 

(00191 Therearemany^Ucationsofthefilterassemblyoffliepres«ithivention.In 
horizontal open hole conq»letions there are usually more than 1 ,000 feet of contact 
vdth the productive fommtion, sometimes in excess of 9,000'. Because there is so 
nmch contact me amount of production per foot is very low. m most, cases if the 

theoretical production per foot was tmvding into a screen diiectly op|»osite of the 
fi«niation th«i the velodly would be too low to transport sand ftom 
fomiations or cause erosion. There are many wdls in whidi erosion is.takmg place 
and sand is bdng produced, Pr^y there are a co^le of theories that explam this 
occurrence. FirstthefimnationsmaybesounconsoKdatedfiiatthey sta^ty fell^art 
when the pressme in die well bore used to control the wett during IdrilUng and 
completingAewdlisremoved. This is referred to as hole or fommtion: collie. A 
second possflMhty is diat fluid flows along the pa* of least resistance. IMs may be 
on fliemside of a screen Aat ism place or along flie outside. As the flow proceeds 
towards die beginning of flie open hole section. «ie accumulative effects of 
production means the .vdodty is much hi^er towards flie top section (beginmng) of 
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theopenhole. Tins vdlodty(accum,dated flow) can be lugt«iough<m 
the saeea to transport:8aDd and to erode the fonnation and soreen. 
[00201 By expanding s«een in an open hole horizontal wdl the annulus between the 
screen and the fonnatfon can be greatly reduced or even elimmated.. Redhction of the 
annuhis means greater, resistance to flow and flierefore production flow is reduced on 
ttieerteriorofthescreenandiacreascdontheinterior. Tte reduction in erteriof flow 
means lower vdodties near the well bore and 1h«efore less sand transpottabilily and 
less eroinon effects. 

[00211 Bq>ansion can also aid in formation staWUty by physically supporting the 
f(mnationifthescreenisexpandedmmitistoi«aringthefonnation. Thissi^in 
turn could prevent the collqjsmg of the formation when &e pressure in the well bore 
is reduced. 

. [00221 In casedholeq>pUcationsfiltrationassemblyAoffer8^e advantage of alarge 

insidediameterfortemedialwoikbelowitsmstallalion. Another advantage is tiiat in 
ftac paAs and gravel packs all that is necessary to do is to place the proppant or sand 

in the perforation tmmels and formation ftactures. Annular pads betwein the screen 
and tiie casing, whidi are often difficult to adrieve, are not necessary smce expanding 
screenremovestMsamiiilns. The filter apparatus A could also be used in conjunction 
wiA a ftac pack or gravel pac* and subsequenfly expanded to bac^ 
the annulus I padc or perforations not filled. 
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We claim: 

1. An expandable fflter assembly for downhole use, c^^^ 

a base.pq>e having an inside surface, a longitudinal laxis, and a 
plurality of openings; 

at least one filtration layer mounted ov«: said base pipe, said layers 
each being amealedlo fedUtate subsequent expansion downhole. 

2. The assembly of claim l.whaein: 

said filtration layer and said base pipe are individually annealed prior 

to bdng joined together. 

3. Theassanbly«fclaiml,^rf»aein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. Tlie assembly of claim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing ftirflier comprises solution annealing at to about 1800 

degrees?. 

5. The assembly of cilaiml,wha:dn: 

said inside surfiuje of said base pipe is coated 1o reduce the fi)rce 
neededifbr subsequent expansion. 

6. The assembly ofdaim 5, further conqjrising: 

an expander c^le of multi-stage expansion of said base pipe and 
said filtration layer. 

7. The assembly of claim 6, wheran: 
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said Staged expansion occurs in a single direction. 

8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 
9 The assembly of claim 6, wherein: : 

dimeaision. 
10 The assembly of claim 6, wherein: 

,*erd» one of said weft and «a.P whes is dispell « an »gle of 
1,«0 dereea ««h mpect to the longitudinal aris^of said base 

pipe. » 

11. The assembly of daim 10, wherdn: i 

eaid weft ^ iav. . taHor ai»n<*« tta s-d ««P ™es l.y as 

much as about 50%. 

12. The assembly of claim 10,wiieiein: » 

sdd at least one ffltndon Uye. *^ 
1^ on s«dl»sesSpe-^a»-Bffl.»tionlay.r. said a»inag. layer 

p„«ctingsaidm.infilt«tio«l.^fi«»'»™i»<^P«^ 

pipe Bid pto^ang i>»to>ic^ »^ 
13 Hm assembly of daim II, toflMeomprising; 

»flte«on«i»neen«-tl.,ern«™^ov=s»dn«inS^^ 

^ c«.,»i»ng .we»re..s»d dmnag. l.y« ««1 sai* 
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e_.,„««„t uyer « spWly v«.«»d to ori«.t «i™ herein in 

14. Tli«asseiiiblyofclliimlO,whe«ta: ' 

said opeiiuigs in said t»»P^«?»«"»*""^'^"°™^ 

15. An o^andable filW assembly fcr downhole nse, cranprisingl 

. b»e.m» ha™g m inside .sat6«, a l<«gitudind,»ds. a.d . 

plurality of opedngs; 

at least one filtration layer mounted over said base pipe, 
• said inside surfece of said base pipe is coated to reduce the force 

neededifor subsequent expansion. 

16. The assembly ofclaim 15, wherein: i 

said coating is made of a plastic material and said opening, ate round, 

rounded or oval. 

17. The assembly ofclaim 15.fiirther compriang: 

an expander enable of multi-stage expansion of said base pipe and 

said filtcation layer. 
18. The assembly ofclaim 17, wheran: » 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and waip wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis'.of said base 
pipe. • 

19. The assembly ofclaim 18, wherdn: i 
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.aid la,«, eaoh being eoneaM to fi^ffitat. s*s«n«rt «P»»i» 
do^vnhole; 

«dd filwa<« tayo "i" '•^ ""^^^ 

degrees F. 

M. An oq«ddd. filter «««*ly *«™"»te'«> 

a Wpipe living .a u>side.»rfi^ a l»ngH»diB.l »«1 a 

ptocality of openings; 

atleastoae filtration layer mounted over saidbasepipe; and 

an expander capable of n^lti-stage expansion of sdd base pi^^ 

said filtration layer. 

21. The assembly afdaim 20, wheresn: i 

.ddb.sepipeise^.dta8t.g««ptoibo»t3(»4-bovei.,origtaal 

^ime nmon. 

22. The assembly of claini 20, wherein: I 

«dd l.y» each bong «me,lrf to fi«aa»<= 

downhol^ 

s«d flUratim layer and saM base he« »e swaged tog»li« "ni 
...e^ ftrtiar Cffl.^ sotafim. annealing at to *^ 

degrees F. 

23. The assembly of claim 22, wherein: i 
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sdd filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and waip wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis:of said base 
pipe. » 

24. An expandable filter assembly for downhole use, compriang: 

• a base, pipe having an inside .surfece. a longitudinal .axis, and a 

plurality of opoungs; 

at least one filtiation hqrer mounted over said base pq>e, 
said filtering layer comprises a weave having weft and waq» wires and 
wher^ one of said weft and waip wires is disposed at an angle of 
about 10-80 d««rees with respect to the longitudmal aas;of said base 
pipe. > 

25. The assembly ofclaim 24, wherein: i 

said weft wires have a larger diameter than said waip wires by as 

much as about S0%* 
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